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PYRR0LIDINE-2-0NES AS FACTOR XA INHIBITORS 



Field of th e Invention 



5 The present invention relates to a novel clas*? of nh^-. . 
their preparation, to pharmaceutical comnol c ° m P<™ds, to processes for 

medicine, particularly useTt^^ and to ** use in 

inhibitor is indicated am6 "^at.on of a chn.cal condition for which a Factor Xa 



10 



Background of the ln» D nf.. n 



calcium to „ s a „ d phosphoB^nvel^^t- 15 '"? 9 °' Factore * aad Va «* 
15 centre, „* ,„ ^ m J anis P m 0 ~CcZon n b^ a 
protein, fibrinogen, into insoluble fibriT ^ C uW e fib T 9 S °' Uble plasma 
^^nof^prirn^hen^p^J^ 0 ^^.™^ * ~ , or „ 
abnormal hemostasls. with resoect to th» ™~ slgn,flcant dlsea! * states are related to 
thrembus formation due to W^S. of « TT abn °™ al 

20 major oause of aoute myocard ia^rZJl eS,ab " sned a »>orosclerotlo plaque Is the 
occlusive oorenary ftZTtJ SS^ZT* ?*» ^ ,reatman ' - a " 
corenary angioplasty (PTCA) are often a^L^ y and percula "«»^ transluminal 
the affeoted vessef which re^resTnZST '^.T" "* tnrom '»«c reotosure of 
vasoulature, a high percent ^ °' U " 0n - Wtn resDec < to < h ° venous 

25 exfremifies or .he abZinTarei ^T^TT" 9 in *• ^r 

vasculature which can res. mZ ^JTZ-T? BmWbus 1o ™">° n in the venous 
disposition to pulmonary ^Z^^ ?* Cte ° a *-"% and a pre- 
occurs within both vascular systems Tn^T , . coa a uto P a *y commonly 

cancer and is charecteris Jby CrePid ZuZ ^ infcc,ions a " d 

30 coagulation which results in fite fiZl . C ° as < M > i ° n ««*« and systemic 

the vasculature leading to LespZTruan ^ « """"^ oeou "*« ,hroa 9»™< 
of fibrin rich blood dots. ZT^STZXl^?*^'"™* 0 " 
effects on a number of cellar * reported to have profound bioregulatory 

KA.. Ann. NY Atr^oT^" *** (ShU ™" 

35 

A Factor Xa inhibitor may be useful in the treatment nf « * 
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with thrombolytic therapy and percutaneous transluminal coronary angioplasty, transient 
ischemic attacks, pulmonary embolism, deep vein thrombosis, peripheral arterial 
occlusion, prevention of vessel luminal narrowing (restenosis), and the prevention of 
thromboembolic events associated with atrial fibrillation, e.g. stroke. Factor Xa inhibitors 
5 may also be useful in preventing thrombosis and complications in patients genetically 
predisposed to arterial thrombosis or venous thrombosis and patients that have a disease 
associated predisposition to thrombosis (e.g. type 2 diabetics). Thrombin has been 
reported to contribute to lung fibroblast proliferation, thus, Factor Xa inhibitors could be 
useful for the treatment of some pulmonary fibrotic diseases. Factor Xa inhibitors could 

10 also be useful in the treatment of tumour metastasis, by suppressing coagulation and thus 
preventing fibrin deposition and its concommittant facilitation of metastasis. A Factor Xa 
inhibitor may also have utility as an anti-inflammatory agent through its inhibition of FXa 
mediated activation of protease-activated receptors (PARs 1 and 2). A Factor Xa inhibitor 
may also have utility as an anti-atherosclerotic agent through the suppression of platelet- 

15 activation. Thrombin can induce neurite retraction and thus Factor Xa inhibitors may have 
potential in neurogenerative diseases such as Parkinson's and Alzheimer's disease 
Factor Xa inhibitors may also have utility as anticoagulant agents in connection with the 
preparation, storage, fractionation or use of whole blood. They have also been reported 
for use in conjunction with thrombolytic agents, thus permitting the use of a lower dose of 

20 thrombolytic agent. 

Description of the Invention 

The present invention provides compounds of formula (I): 




25 



wherein: 



(I) 
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R 1 represents a group selected from: 





"(C M )alk 





-(C 2 >lk 



each ring of which optionally contains a further heteroatom N, 
Z represents an optional substituent halogen, 
alk represents alkylene or alkenylene, 
5 T represents S, O or NH; 

^ represents hydrogen, -Chalky!, -C^alkylCONR a R<\ -C^alkylC0 2 C^alkyl, -CO^ 
4 alkyl or -C^alkylC0 2 H; 2 1 " 

10 R° and R b independently represent hydrogen, -C^alkyl, or together with the N atom to 
which Ihey are bonded form a 5-, 6- or 7- membered non-aromatic heterocyclic ring 
opt.onally containing an additional heteroatom selected from O, N or S optionally 
substituted by -C^alkyl, and optionally the S heteroatom is substituted ' by O ie 
represents S(0)„; y * ,,e " 

n represents 0-2; 

X represents phenyl or a 5- or 6- membered aromatic heterocyclic group containing at 
least one heteroatom selected from O, N or S, each of which is optionally substituted by 0- 

J^^^^' " C " a,ky '' - C " a,kenyl ' - CN ' - CF3 ' - C -* ,ORe ' 

R e represents hydrogen or -C^alkyl; 
R f represents -C^alkyl; 

25 
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C^alkylNR'R*. S ' 6aCh ° f Wh,ch ,s substituted by a group - 

adjacent to a teteroatoT B " 0t ateChed to a ri "9 atom 

10 

and/or pharmaceutical^ acceptable derivative thereof. 
Further aspects of the invention are- 

.5 with a p h ii~^:~^r ng a -~ ° f - '~ 

A compound of the invention for use in therapy 

20 i"**^^ a ™" suscep«ble to 

amount of a compound ^ e T^o"" " * ^rapeuUca.iy effective 

•n one aspect of the invention, R i represents a group seiected from: 





< c ^~-^Jr-Z -(C 2 . 3 )alk-^J- 2 

25 each ring of which optionaliy contains a further heteroatom N 
2 represents an optional substituent halogen 
alk represents alkylene or alkenylene, 
T represents S, O or NH. 



30 In one aspect of the invention, R 1 represents 



a group selected from: 
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each ring of which optionally contains a further heteroatom N, 
2 represents an optional substituent halogen, 
alk represents alkylene or alkenylene. 

5 

In another aspect, R 1 represents a group selected from: 




10 2 represents an optional substituent halogen, 
alk represents alkylene or alkenylene, 
T represents S, O or NH. 



In another aspect, R 1 represents a group selected from- 

15 




2 represents an optional substituent halogen, 
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alk represents alkylene or alkenylene. 

In one aspect of the invention, T represents a S atom. 

5 In one aspect of the invention, R 2 represents hydrogen. 

In one aspect of the invention, R* and R» independently represent hydrogen or -C^alkyl. 

in one aspect of the invention, X represents phenyl or a 5 or 6 membered aromatic 
10 heterocyclic group containing at least one heteroatom selected from O, N or S each of 
wh.ch is optionally substituted by 0-2 groups selected from: halogen, - Cl ,alkyl or -NR°R> 
n another aspect, X represents phenyl substituted by a halogen. In another aspect X 
represents phenyl substituted by a fluorine. 

15 arZ^T^ th , 6 , inVention ' Y re ? resents a 5 ^ 6 membered aromatic heterocyclic 
group containing at least one heteroatom selected from O, N or S, each of which is 
substituted by a group -CH 2 NR c R d . 

In another aspect, Y represents a 5 membered aromatic heterocyclic group containing at 
20 least one heteroatom selected from O, N or S, substituted by a group -CH 2 NR c R d . 

In another aspect, Y represents Imidazole substituted by a group -CH 2 NR c R d . 

2 s IT ° f inVenti ° n ' R ° t09ether the nitr °9 en at °m to which they 

25 are bonded, form an azetidine optionally substituted by halogen, OH or -OC^alkyl or a 
pyrrolidine ring with a substituent selected from halogen, OH or -OC^alkyl. 

lr a ? h 7f f * lnVent, '° n ' R ° ^ t09ether the nitr °9 en a'om to which 
they are bonded, form an azetidine optionally substituted by halogen or -OC^alkyl or a 
30 pyrrohdine ring with a substituent selected from halogen. ^aiKyi, or a 

In another aspect, R<= and R d , together with the nitrogen atom to which they are bonded 
form an azefdme ring optionally substituted by halogen, or a pyrrolidine ring with a 
substituent selected from halogen. 9 " a 



35 



n another aspect of the mvention, R' and R d , together with the nitrogen atom to which 
they are bonded, form an azetidine optionally substituted by -OC^alkyl or a ovrrolidin* 
ring with a substituent selected from halogen Pyrrolidine 
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substituent fluorine.. y 3 ° r a Py rro,,d, ne ring with a 

scope of the pre sent invention. In one aspect 0 fZT Ve T^Z ^ ^ ^ ^ 
at the 3-position on the 2-oxopynolidine ring ") aereochemtsUy is (S) 

rrjrr r^-^ sr^: 

* SSSi5SS,r — «~ e^nviane^Hran 3 : 

— 9 r:;r re ^r:e^r:=„~ ,y s ~ - 

. Pfceridinyt, pyriltny, 2 I ^J^^T *** 

S^TJS" " ha ' 09en " ^ a " — f ™ chtorine. 
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As used herein, the term "pharmaceutically acceptable" means a compound which is 
suitable for pharmaceutical use. 

As used herein, the term "pharmaceutically acceptable derivative", means any 
pharmaceutically acceptable salt, solvate, or prodrug e.g. ester or carbamate or salt or 
solvate of such a prodrug, of a compound of formula (I), which upon administration to the 
recipient is capable of providing (directly or indirectly) a compound of formula (I) or an 
active metabolite or residue thereof. Preferred pharmaceutically acceptable derivatives 
are salts, solvates, esters and carbamates. Particularly preferred pharmaceutically 
acceptable derivatives are salts, solvates and esters. Most preferred pharmaceutically 
acceptable derivatives are salts and solvates. 

Suitable salts according to the invention include those formed with both organic and 
15 inorganic acids and bases. Pharmaceutically acceptable acid addition salts include those 
formed from mineral acids such as: hydrochloric, hydrobromic, sulphuric, phosphoric 
acid; and organic acids such as: citric, tartaric, lactic, pyruvic, acetic, trifluoroacetic' 
succinic, oxalic, formic, fumaric, maleic, oxaloacetic, methanesulphonic, ethanesulphonic' 
p-toluenesulphonic, benzenesulphonic and isethionic acids. Particularly preferred 
20 pharmaceutically acceptable salts include those formed from hydrochloric, trifluoroacetic 
and formic acids. 

Those skilled in the art of organic chemistry will appreciate that many organic compounds 
can form complexes with solvents in which they are reacted or from which they are 
25 precipitated or crystallized. These complexes are known as "solvates". For example a 
complex with water is known as a "hydrate". Solvates of the compound of formula (I) are 
within the scope of the invention. 

Salts and solvates of compounds of formula (I) which are suitable for use in medicine are 
30 those wherein the counterion or associated solvent is pharmaceutically acceptable 
However, salts and solvates having non-pharmaceutically acceptable counterions or 
associated solvents are within the scope of the present invention, for example, for use as 
intermediates in the preparation of other compounds of formula (I) and their 
pharmaceutically acceptable salts and solvates. 

As used herein, the term "prodrug" means a compound which is converted within the 
body, e.g. by hydrolysis in the blood, into its active form that has medical effects 
Pharmaceutically acceptable prodrugs are described in T. Higuchi and V. Stella Prodrugs 
as Novel Delivery Systems, Vol. 14 of the A.C.S. Symposium Series, Edward B Roche 



35 
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ed.. Bioreversible Carriers in Drug Design, American Pharmaceutical Association anH 
Pergamon Press, 1987, and in D. Reisher, S. Ramon and H. b£X£^£ 
delivery: solubility limitations overcome bv the use of n^Hr,.™- aT ' mp ™ ea oral dru 9 
s Reviews (1 gge, 19(2) 115 ,30, each ^X^^&^ZZ^ 

Prodrugs are any covalantly bondad carriars mat ralaase a compound of structure (I) in 

~o" ST* admin ' Stered ,0 3 P * nt PTO " U9S " 9enara,~a d by 
modifying functional groups in a way such that the modification is cleaved either bv 
routine imputation or in vivo, yielding the parent compound. ProdmgTLul £ 
10 example, compounds of this Invention wherein hydroxy! or amine groups are bonded to 

ZpT' ^ adminiS,e,Bd '° 3 Pa " ent - '° f °- ,he M^Tale 



15 ,^ hi y n , « . r e ' r °"" right and/0r be Mrolysable under /„ vfvo conditione in 
15 the human body. Suitable pharmaceutical^ acceptable /„ vivo hydrolysable ester groups 
Indude those which break down readily in the human body to leave L ZZZ 
salt. An ester may be fenced at a oamoxylio acid (-COOH) greup or a hC ST 

add UP ^d kn0W " ^ inV0,Vin9 reacti °" — ^ oorresp ^i g alho, 

Preferred compounds of the invention include: 
(1£)-/V-(1-{4-[2K1-A2etidinylmethyl)-1Wmida2ol-1.yl]-2^ 
pyrrolidinyl)-2-(5-chloro-2-thienyl)-1-propene.1-sulfonamide- 

chloro-2-thienyl)ethanesulfonamide; pyrroirainyi; z-(5- 

/V.((3S)-H4-[2-(1-AzetidinylmethylHH.imid . 
pyrrol«d.nyl)-6-chloro-1-benzothiophene-2-sulfonamide 

30 1-yl}phenyl)-2-oxo-3-pyrrolidinyl]ethenesulfonamide- i««m.aazol 
.m.da2ol-1-y|}phenyt).2H)xo-3-pyrrolid 

oxo-3- P yrrolidinylM-ben Z othiophene-2-sulfonamide; and * ° 
35 ^^1-^ 

2-oxo-3-pyrrolidinyl}-1-benzothiophene-2-sulfonamide formate VOPhenyl]- 

Compounds of the invention may show advantageous properties, they may be more 
efncacous, may show greater selectivity, may have fewer side effects, mayZe a longTr 
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inhibitor. Such conditions include acute vascular Hi***L~ u 
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InhZrTf, °V" e ;' nVentl0n ' the C ° ndition ^^ceptible to amelioration by a Factor Xa 
inhibitor is selected from treatment of acute vascular dfcp^«= ! 

-■SMsaiSsfsa 

ischemic attacks, pulmonary embolism deeo vein .hJI„ ' trans,ent 

occlusion, prevention of vesL luminal ^7^1 T ?*" 
^ mromboembonc events assode^ ama, flbrf SonT 9 ^Se PreVen " 0n * 

In another aspect, the condition susceptible to amelioration bv a Factor inhih-, • 
of the formulation and not deleterious to the recipient thereof. 'ngrecnents 
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aStvH 7? the ™°' aSSOda,i ° n Wi,h a Phanraoeutically acceptable carter 
anoVor exdp,ent for use in therapy, and In particular in the treatment of human or anZ 
subject suffering from a condition suscepUbie to amelioration by a Factor XaThibitor 

^srs^sir-- — * * a 

10 The compounds for use according to the present invention may be formulated for oral 
buccal parenteral, topical, recto, or transdermal administration or in aform suitobtoTor 
adm,n,strabon by inhalation or insufflation (either through the mouth or the n^eT 

15 ll^l f ™f<"*>°". the pharmaceutical compositions may take the form of for 

!™Th, OT CaPSU ' eS PrePar6d by ™" v «"«°nai means with pharmac—, 

acceptable excipients such as binding agents tea oreaabrtmuJ , aceu ° ra V 
po^nyipyrrolidone or hydroxypropy? <eT iatse' 

microorysto ,ne cejlutoa. or caidum hydrogen phosphate,/, ubrioanto (e g.™ JSS 
stearate, talc or s,l,ca); disintegrants (e.g. potato starch or sodium starch glycoSTr 
20 wetbng agents (e.g. sodium lauryl sulphate). The tablets may be coated by nSnods we" 
known ,n the art. Liquid preparations for oral administration may take the^m of to 
example soiubons. syrups or suspensions or tney may be prasented as a dry produ* o 

T " °' her SUl,able betore <**■ S"* liquid preparaCs may 

be prepared by conventional means with pharmaceutical* acceptable addLsTuch as 
25 suspends agents (e.g. sorbitol syrup, cellulose derivatives or hydrogenated e^iNe fots, 
emulsrfyrng agents (e.g. lecithin or acacia): non-aqueous vehlc.es (e.g. a^oii 1 
^'t **** °' *«*n— vegetable oils),- and prase rva ves (ell^l or 
pmpyH>hydroxybenzoates or sorblo acid). The preparations may also co^toin bjlfe 
salts, flavouring, colouring and sweetening agents as appropriate. 

Preparations for oral administration may be suitably fomiulated to aiva 
controlled/extended release of the active compound. 9 

35 S!™^' adm ' niS,ra " 0n ^ em *° aUom ™y take the form of tablets or lozenges 
35 formulated in a conventional manner. 'uzenges 

The compounds according to the present invention may be formulated for parenteral 
adm nrstrabon by injection, e.g. by bolus injection or continuous Infusion fZ££ for 
.niecbon may be presented in unit dosage form, e.g. in ampoules ZT^ZZ 
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contemners, with an added preservative. The compositions may take such forms as 
suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain 
formulatory agents such as suspending, stabilising and/or dispersing agents. Alternatively 
the active ingredient may be in powder form for constitution with a suitable vehicle e a' 
5 sterile pyrogen-free water, before use. ' 

The compounds according to the present invention may be formulated for topical 
administration by insufflation and inhalation. Examples of types of preparation for topical 
administration include sprays and aerosols for use in an inhaler or insufflator 

10 

Powders for external application may be formed with the aid of any suitable powder base 
for example, lactose, talc or starch. Spray compositions may be formulated as aqueous 
solutions or suspensions or as aerosols delivered from pressurised packs, such as 
metered dose inhalers, with the use of a suitable propellant. 

The compounds according to the present invention may also be formulated in rectal 
compos.t.ons such as suppositories or retention enemas, e.g. containing conventional 
suppository bases such as cocoa butter or other glycerides. 

20 In addition to the formulations described previously, the compounds may also be 
formulated as a depot preparation. Such long acting formulations may be administered by 
implantation (for example subcutaneously, transcutaneous^ or intramuscularly) or by 
intramuscular injection. Thus, for example, the compounds according to the present 
invention may be formulated with suitable polymeric or hydrophobic materials (for 

25 example as an emulsion in an acceptable oil) or ion exchange resins or as sparingly 
soluble derivatives, for example, as a sparingly soluble salt. 

A proposed dose of the compounds according to the present invention for administration 
to a human (of approximately 70kg body weight) is O.lmg to 1g, such as 1mg to 500mg of 

30 the act.ve ingredient per unit dose, expressed as the weight of free base. The unit dose 
may be administered, for example, 1 to 4 times per day. The dose will depend on the 
route of administration. It will be appreciated that it may be necessary to make routine 
vanations to the dosage depending on the age and weight of the patient as well as the 
seventy of the condition to be treated. The dosage will also depend on the route of 

35 admm.strat.on. The precise dose and route of administration will ultimately be at the 
discretion of the attendant physician or veterinarian. 

The compounds of formula (I) may also be used in combination with other therapeutic 
agents. The invention thus provides, in a further aspect, a combination comprising a 
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« or „ .nvenflon required for use in ^T/ • 

; nven« 0 „ may be used in cordon with othe r -^KTS 

5 and ^ -^JwCirr srsrr;??' 

20 The combinations referred to above may conveniently be presented for use in the form f 
earner anCor exCpion, ^T^ZZTVZT*, 

When administration is sequential either the Farw y=> 

When combined in the same formulation it will be appreciated that the two™ 

must be stable and compatible with each other andTe^r ^P^s 
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aspect of the invention. In the following description, the groups are as defined above for 
compounds of formula (I) unless otherwise stated. 

According to a further aspect of the present invention, there is provided a process (A) for 
5 preparing a compound of formula (I) which comprises of reacting a compound of formula 
(II) or an acid addition salt thereof with a compound of formula (III) where V is a suitable 
leaving group, such as a halide, e.g. chloride. When the free base of a compound of 
formula (II) is used, the reaction is conveniently carried out in the presence of a base, e.g. 
pyridine, and in a suitable solvent, e.g. acetonitrile (MeCN), suitably at 0°C to room 
10 temperature. When the acid addition salt of a compound of formula (II) is used, the 
reaction is conveniently carried out in the presence of a base, e.g. N,N- 
diisopropylethylamine (DIPEA), and in a suitable solvent, e.g. MeCN, suitably at 0°C to 
room temperature. 



15 



/NH 2 



Y 



X (ID 



R 1 



v 7/\ (III) 
O O 



If X-Y contains a group reactive to compounds of formula (III), such groups may be 
protected prior to reaction of a compound of formula (II) with a compound of formula (III) 
using methods well known in the art and such protecting groups removed under standartl 
conditions to provide compounds of formula (I) after completion of the reaction of a 
20 compound of formula (II) with a compound of formula (III). 

Compounds of formula (III) are known compounds or may be prepared by methods known 
in the literature or processes known to those skilled in the art. 

25 Compounds of formula (II) may be prepared from compounds of formula (IV): 
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NH 



"I - (IV) 
X 

I 

Y 



wherem P ,s a surtable amine protecting group, e.g. Boc (t-butyloxycarbonyl), by removal 
of the protecting group under standard conditions. For example, when represents Boc 
removal of the protecting group may be effected under acidic conditions using Z 
rZ add) " 3 S0,V6nt ^ 38 dich — ne (DCM) suitably at 

— — ■ * a compound 



P \ 



NH 



(V) 



C ? — Y (VI) 



15 where C and C are surtable coupling groups, e.g. when bonded to a ring carbon atom C 1 
and C can be boronate [B(OH )2 ], hafide e.g. iodide (.), trifluoromethanesulfonate (OTf) or 
stannane such as tria.kyltin, and P< is as defined above. C* can also be hydrogen when 

sa^t ereor T * T * "*» indudes Pa<Lum(0) or a 

salt thereof ,n the presence of a Hgand, e.g., triphenylphosphine and a base eg sodium 
20 carbonate, and optionally with a suitable co-so.vent, e.g. water, suitably at a tempore 
range from room temperature to 150 °C. For example, when C< Is B(OH) 2 and C 2 is a 
brom.de, coupling of compounds of formula (V) with compounds of formula (VI) can be 
effected w,th tetraki s (triphenylphosphine)pa.ladium(0) in the presence of sodium 
carbonate in aqueous tetrahydrofuran at 70 to 80 °C. 
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lu" ^ PS T S , Ski " ed 816 art •* »"* «»"-« of coup,,™ 

5 will a ,so appreciated thai coupZZps and £ ' T" 8 ^ art 

(V„ may be intervened us^ZZ'ZLl ' C ° mP ° UndS °' M a " d 

**W**li I" .he ^^7^^ ° r 
Compounds of formula (V) may be prepared from compounds of formula (VII): 









H-.pl 


HN 













(VII) 
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derivative e.g. 1 ^azodicarbonyO-dipiperidine, in a suitable solvent eg THF 
(tetrahydrofuran), suitably at 0°C to room temperature. 9 ' 

5 le^T*?** ^ P6rS0nS Ski " ed in thS art that c ^P°"nds of formula (VI.) may be 
5 prepared by interconversion, utilising other compounds of formula (VII) which are 
optona.ly protected by standard protecting groups, as precursors For instanee 
compounds of formula (V..) where V is OH, may be converted into compounds o foluta 

me hcdf 6S n7 at L - e.g. halogen, S*MeR W" or OSoTby 

methods well known in the art (see for example Smith M B and March I ahJ m 
10 Organic Chemistry, * Edition 2001 , John Wiley & Sons)'. GeneraTy R w^ repre ™ 
or ara.ky. and W will represent sulphate or halide, especially iodide . i^ZSLISl 
ciosure may be. performed by treatment with a base in a suLe soivent^g MeCN * 

Compounds of formula (VII), where L 1 is a hydroxyl group, may be prepared by reactinq a 
15 compound of formula (VIII) with a compound of formula (IX): P rea oy reacting a 



H 

(VIII) 



V H 2 

? (IX) 

c 1 



wherein is a suitable protecting group as described above. The reaction is 
conven.ently carried out by addition of a suitable activating agent, e.g. ^ 
20 to compounds of formula (IX) in a suitable solvent e.g. DCM under an inert a^ZZ' 
e.g. n,trogen, suitably at room temperature followed by addition of a comCnds of 
formula (IX) in a compatible solvent e.g. DCM. compounds of 

Compounds of formula (IX) are known compounds or may be oreoared bv m.thnH. 
25 known in the literature or processes known to those ski.ledTn the art * 

Compounds of formula (VIII) may be prepared from compounds of formula fX) where HA 
,s a suable acid, e.g hydrochloric acid, using methods we,, known T^XZ the 
art. See, for examp.e, "Protective groups in organic synthesis" by T.W. Greene and 
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r^LvZ'ZT^ S S ° nS 1891> " ■ Pr ° ,M,i " 9 « » ™ *™ (Geo* 




NH,.HA 

(X) 



— R * > Mrogen ^ * 0609 a ° f ^ <•> 



15 R— T (XI) 



where R 2 is -C 1<a |kyl, -C^alkylcONR'R" - Cl ^ikvlco r =,„ , ™ 

a suitable leaving group such as Umt , ^" ^ ° r - C02C " al M and T is 

bromide, optonal' Lloweo b ^ rem™ tfl JT *, 9TOUp ° r h ** »«• 

20 standard conditions to form a comZdll n ^^ a ^ ""^ 
the action is effected In a sultabtaorgan^en? eg W „^MF T T ' S ha " de ' 
a base, e.g. LIHMDS (lithium hexamethvldteii„i=„^ '» ' P res en<» of 

carbonate, a. a temperature £S ^ST 7^cT ieST*"" *"* " "*"• 
temperature. When T is a hydroxy! oZo th» , t ' SUCh ™ " 78 ° C to room 

25 conditions (for examples see , * 6ffeC,ed Under Mteunobu 

review. Organic Preparations , . '" *" MlteUnobu reactton - A 

example, the reactio ' ^ESStZSTT?" (1 " 6) ' 28<2 >' 127 " 64 )- 
R 2 represents H with an aXXZosohi- J , , .°' COmpou " ds ° f '°™"a (I) where 
.0 polymer-suppo* and ^ 

30 in a suitable solvent eo Tw= »ot ra K ., 7 . ' 9 ' d| - tert - b "tyl azodlcarboxylate. 
fonnula (X.) where T £^5Zfi££? * ^ ° f 3 ""^ ° 

room tempereture. ' PIIOna " y a SUltable «»«*. «* THF, suitably at 

35 ^XT^^^^z^^T"' such 9ro - - b * 
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is a substituent other than hydrogen after completion of the reaction of a compound of 
formula (I) where R 2 is hydrogen with a compound of formula (XI). 

Compounds of formula (XI) are known compounds or may be prepared by methods 
5 known in the literature or processes known to those skilled in the art. 

Furthermore, it will appreciated that the substituent R 2 , other than hydrogen may be 
introduced at various intermediate stages by methods well known to those skilled In the 
art. 

10 

It will be appreciated by those skilled in the art that compounds of formula (I) or a solvate 
thereof may be synthesized from appropriate intermediates via solid phase chemistry 
processes, 

15 Those skilled in the art will appreciate that in the preparation of the compound of formula 
(I) and/or solvates thereof it may be necessary and/or desirable to protect one or more 
sensitive groups in the molecule or the appropriate intermediate to prevent undesirable 
s.de reactions. Suitable protecting groups for use according to the present invention are 
well known to those skilled in the art and may be used in a conventional manner. See for 

20 example, "Protective groups in organic synthesis" by T.W. Greene and P.G.M Wuts (John 
Wiley & sons 1991) or "Protecting Groups" by P.J. Kocienski (Georg Thieme Verlag 
1994). Examples of suitable amino protecting groups include acyl type protecting groups 
(e.g. formyl, trifluoroacetyl, acetyl), aromatic urethane type protecting groups (eq 
benzyloxycarbonyl (Cbz) and substituted Cbz), aliphatic urethane protecting groups (eq 
25 9-fluorenylmethoxycarbonyl (Fmoc), t-butyloxycarbonyl (Boc), isopropyloxycarbonyl" 
cydohexyloxycarbonyl) and alkyl or aralkyl type protecting groups (e.g. benzyl, trityl,' 
chlorotntyl). Examples of suitable hydroxyl protecting groups may include for example 
alkyl silyl groups, such as trimethylsilyl or tert-butyldimethylsilyl; alkyl ethers such as 
tetrahydropyranyl or tert-butyl; or esters such as acetate. Examples of carboxylic acid 
30 protectmg groups may include for example aralkyl groups, e.g. benzyl, or alkyl groups 
e.g. t-butyl. K 9 

Various intermediate compounds used in the above-mentioned process, including but not 
limited to certain compounds of formulae (II), (IV) and (V) constitute a further aspect of the 
35 present invention. 

The present invention will now be further illustrated by the accompanying examples which 
should not be construed as limiting the scope of the invention in any way. 
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All publications, including but not limited to patents and patent applications, cited in this 
specification are herein incorporated by reference as if each individual publication were 
specifically and individually indicated to be incorporated by reference herein as thouqh 
fully set forth. 
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Examples 



Abbreviations 



5 THF 


Tetrahydrofuran 


DCM 


Dichloromethane 


CBZ 


carbobenzyloxy 


m 


multiplet 


q 


quartet 


10 S 


singlet 


t 


triplet 


d 


doublet 


dd 


double doublet 



15 Intermediate 1 




s 



OH 



1.1-DimethY lethyl 
carbamate 

A solution of 2-fluoro^-iodoaniline (7.1 1g) in anhydrous DCM (40ml) under N 2 at 0°C was 
20 treated dropwise with trimethylaluminium (2N in heptane; 15ml). The mixture was allowed 
to sbr for 30min before a solution of 1,1-dimethylethyl [(3S)-2-oxotetrahydro-3- 
^rany carbamate (5.03g). in anhydrous DCM (35ml), was added dropwise. The reason 
was allowed to warm up to ambient temperature and stirred for 18h, before quenching 
„ 2 n T e0US C,tnC (10m °- SatUrated a « ueous P° tassi ^ sodium tartrate 

LverT T r f °"° Wed by Separati ° n ° f the "d aqueous 

ayers. The organ.c layer was dried (over magnesium sulphate) and concentrated under 

reduced pressure. The residue was purified using Biotage™ chromatography (silica 

llZT Z 0h T neiethyi aC6tate 3:2) t0 aff ° rd an ° ff - white so,id which was an 
nseparable m.xture (c. 1 :2) of the starting material and the title comnonnH (5 55g) 

30 Mass spectrum: Found: MH + 439 



Intermediate ? 
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anhydrous THF V^JZTTSc 1™%*"™*^^ ,n 
5 (3.53a). The soiutten Jas to^f^"^'^*™^™ 
The mixture was then diluted C^,?? ^ h pera,ure — -hi for 1 8 h. 
filtrate was then concerted ^nZZ^T ? PreCiPi,3te *" ,ered ° ff - Th * 
Biotage™ chromatography (silio^ elu«™ ^ ? k ^ *" reSidue P urified ^'"9 
«fe«mM<a4)ii-Sl?^r B CyC,0heXan9 ' et ^ 2:D to give the 

10 Mass spectrum: Found: MH + 421 

Intermediate 3 
I. J.f-PimethyHhvlt1-f4^2.M-^,i^_- h 

'5 PWTOlldlnvHraA^^ _ 

-rhSto^ anhydrous pofasslum 

was stirred under nitrooen at^,l„, , 9> anh >' dTOUS dimethylsulphoxide (4.8ml) 
-d the reac«on ^^.Z^^T^ . "T.B ^ was added 

20 was pooled to ambient te mp eratuTl7% ^uerr .** ^ The ""»*> 

the mixture was stirred for 1h The relc^nZT """" ^""^ Was addett and 
combined organic layers we e ^^1^ ^ ^ aCete,e ' ™» 

(over magnesium sulphate) .Tf" ammonium Mroxide, dried 

residue was purified uLo SPE Si »f , ^ Undw redt " !ed P re »«re. The 

25 methanol) to ive ^SSSSJS SSLTk'^ *•* ^ "* « 
Mass spectrum: Foun d. MH* 430 9> " 3 " e ' 8e '° am - |ike **'■ 



WO 2004/111045 



PCT/EP2004/006603 



24 




3-Am.no-H4-p-(1^ Z etidin^^ 

ntermediate 3 (0.467g) was dissolved in anhydrous DCM (6ml) and trifluoroacetic acid 
(6ml) was added. The resultant mixture was stirred at ambient temperature for 3h and 
then concentrated under reduced pressure. The residue was azeotroped with DCM and 

hen purified using SPE (silica, eluting with methanol, methanol:20% aqueous ammonia) 
to give the title compound (0.292g) as a magnolia froth. 
Mass spectrum: Found: MH* 330 



10 Intermediate 5 




2-(1 -Azetidinylmftth vl^-i H-imiriaynte 

15 To a mixture of 2-imidazolecarboxaldehyde (3.0g) and azetidine hydrochloride (3 21g) in 
anhydrous tetrahydrofuran (180ml) was added sodium triacetoxyborohydride '(9 99a) 
followed by glacial acetic acid (1.72ml). The resultant mixture was stirred at room 
temperature for 22h, after which the insoluble material was filtered and washed with ethyl 
acetate. The filtrate was concentrated under reduced pressure and the residue purified 

20 usmg . silica SPE (eluting with DCM, methanol, methanol:20% aqueous ammonia) to give 
the title compound (2.63g) as a beige solid. 
Gas Chromatograph Mass spectrum: Found: MH* 138 

Intermediate 6 

jr\ 

25 S Cl 

2-f2-Bromnefhyl)-' >-chlorothiop henfi 

To a solution of 2-(5-chloro-2-thienyl).ethanor (12.2g) and triphenylphosphine (21.4 g) in 
anhydrous THF (150 ml) at 0°C was added carbon tetrabromide (27.5g). The reaction was 
st.rred at 5 C for 15min then at room temperature for 2.5h. Ether was added and the 
30 react.cn was then filtered and the filtrate concentrated. The resultant residue was purified 
by flash column chromatography (silica, eluting with cyclohexane:DCM 8:1) to give the 
title compound fifty a « an »j| ' y,ve uw 

1 H NMR in CDCI 3 : 63.27 (2H, t), 3.53 (2H, t), 6.66 (1H, d), 6.76 (1H, d) . 
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* Schick et al., J.Amer. Chem. Soa, 70, 1948, 1646. 



Intermediate 7 

f? 

o 




2-(5-ChiorQ-2-thipn Y i) e thanesulfnnv| chloride 

To a stirred solution of Intermediate 6 (14g) in acetone (125ml) was added an aqueous 
so u o n of sodi su|phjte (1Q 5g jn 125m , of ^ ^ react . j n ^ an aqueous 

8h then concentrated to yield a pink solid, which was dried under vacuum at 50°C o 
10 1 Bfc A suspens.cn of the salt in phosphorus oxychloride (90ml) was heated at lS°C o 
2.5h. The eact.cn was concentrated and DCM and water added to the resultant residue 
The organ,c portion was collected, concentrated and the resultant oil purified Z flash 
column chromatography (silica, eluting with, petrdeum ether:to,uene o t ie 
compound (I2.47g) as a brown oil. 9 m 

15 <H NMR in CDCI 3 : 53.70 (2H. m). 3.22 (2H. m). 6.72 (1H. d). 6.79 (1H cQ 



Intermediate fi 

Nj^ci 



O-jp I \ 



O HO 



Ethyl 2-(5-chloro-?-thiPnvn-2-hvdr 0 yv-l-nro P ane S ulff,n a te 

20 A solution , of ethyl methanesulphonate (4.97g) in THF (20ml) was added dropwise to a 
T H F Tt 0 ! '£' Um ; e ~ (42-0 ml of 1M solution in THF pluT'mf of 

THF) at -78 C under n.trogen. and the solution was stirred for 30min. A solution of 2 
acety.-5-ch.orothiophene (6.75g) in THF (70ml) was added to this over 15 m n and the 
temperature maintained at -78°C for 90min. The reaction was quenched wZsa^ted 

25 aqueous ammonium chloride and the mixture extracted wim ethyl acetate. TheimWned 
o^amc fract,on S were washed with brine; dried (over magnesium s^phSeTand 
concentrated under reduced pressure to afford a crude oil that was purifle v£22L2£ 
rn^ZTsT" 9 W,th 1:3, to give'the 

30 * "* «™ * 3 -32(1H. d, 

Intermediate 9 

33 E'hVKI^-ffM-Jiloro-g-thtenviy^ronBn^..,,^^ 
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A solution of Intermediate 8 (10.9q) in DCM nnn „ii 

which was added methanesulphon e rts ' "? '° °° C " l,TO9en ' to 

90min. saturaled agueous soot ^Effi^C^.*^ A * tef * ln9 ** 
The layers were separated and the aoueouslr k u ^ by Water and Wn * 

5 fractions were combined, washed w^ oTe and dded 7*°** * D0M! *• «»•* 
concentrated under reduced pressura w * ma9n9SiUm s * ha,e > <™ 
chromatography (silica, elating ^chloroform and ^ Z h k , WaS J >Urifled usl "9 Biotage™ 

f give me ffl^^ ,4, as a "~ " cycl0he>ane) 

■0 ,3 H hT <CDCW: 57 ' 16(1H ' * «™ * MWHT«*K * *-*H « M. 



Intermediate m 



15 *T=^^ 

15 Tetrabutylammonium iodide (4 03cri wac a HH«=L ♦ . 

^ne(1 8 0rn.) U r^ernitrog^"^d i rju^h^ TT " '"^^ 9 (2 9 9> *> 
was cooled and concentrated under ^Lu^T T" reflu><,OT 17h - The solution 
This was stirred in phosphorasCc^ddfrr^ U T * 3 J*"***" solid, 

which ,he volatiies were removed Sr "^ r °° m ,emPera ' Ure *" 3 5h ' ^ 
20 twice with toluene. The residue „a o^ff ' T reSidue evaporated 

elutlng with, cyciohexane JZ££££Z2£^7 
(2.1g) as a yellow crystalline solid '° n9Xanedle,n >' 1 e,her »° 9l» the ffllsjcfljDound 
'H NMR (CDC W : 67 .3,(1H. d), 6.99(1H. d,. 6 . 96 ( 1H , q >. ie4(3H , d) . 
25 Intermediate 1 1 

30 s"*^^ 2 and Mediate 13 using the 

Mass spectrum: Found: MH* 462 
H.p.l.c. Rt2.19min 
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Intermediate 12 




3-AminO-1-f2-flunr o-4, < f2^ -fIiinrn.1, 

pyrrolidinone 

5 Ihlo nde e in Sri ^ HT^ ^ ,ntermediate « * treatment with hydrogen 
chlondem methanol us.ng the synthetic procedure described for Intermediate 4 
Mass spectrum: Found: MH + 362 



Intermediate 13 



10 




2-K3-Fluorn-1 jiyriinKHi nvihnathvT.1 H . imida7nlf , 

15 r^r^T^ ^ Pr6Pared fr ° m 2 - |mid ^olecarboxa.dehyde and 3-fluoropyrro.idine 
15 hydrochlonde us.ng the synthetic procedure described for Intermediate 5 Pyrr °" d,ne 

Gas Chromatography Mass spectrum: Found: MH + 170 

Intermediate 14 



I. 

o 



^-(MethyloxyVI-arPtidinvnmethvii-iAVJ mida^te^ .cs^oo^o^ 
20 The title compound was prepared from 2-imidazolecarboxaldehyde and 3 
methoxyazet,dine hydrochioride using the synthetic procedure described foMnten^ediafe" 

Gas Chromatograph Mass Spectrum: Found: MH* 168 



25 Intermediate is 
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1,1-Dimethylethyl f 1 -r2-fluoro-4-(2-fl3-fmethvioxv)-1 -azetidlnvnmethvD-1 Wmidazol-1 - 

vnphenvn-2 -oxo-3-Dvprolidinvl)carbamate ( GSK2437AQA) 

The title compound was prepared from Intermediate 2 and Intermediate 14 using the 
5 synthetic procedure described for Intermediate 3. 
Mass spectrum: Found: MH*460 

Intermediate 16 




— o 

10 3-Amino-1 -f2-fluoro-4-(2-{f3-fmethvloxv V1 -azetidinvnmethvll-1 H-imidazol-1-vnp henyl|-:>- 
pvrrolidinone (GSK243791A1 

The title compound was prepared from Intermediate 15 using the synthetic procedure 
described for Intermediate 4. 
Mass spectrum: Found: MH + 360 



Example 1 




(1 E)-/V-(1 -{4-f2-(1 -Azetidinvlmeth vM rt-imidazol-1 -vll-2-fluorophenvl}-2-oxn-3- 

20 PYrrolidinvl)-2-(5-chloro-2-thienvn-1-Dro D e ne-1 -sulfonamide formate (\ e. Formic acid Hf=U 

/V-(H4-r2-(1-azetidinvlmethvl)-1H-im idazol-1-vl1-2-fluorophenvl)-2-oxo.-3-n V rrn|idinvn-2-r5- 
chloro-2-thi envn-1-prooene-1 -sulfonamide (1 :1 



Intermediate 4 (0.046g) was dissolved in anhydrous acetonitrile (1.5ml) at room 
temperature. To this solution was added pyridine (0.1ml) and Intermediate 10 (0.036g). 



WO 2004/111045 



PCT/EP2004/006603 



29 



Mass spectrum: Found: MH + 550 
5 H.p.l.c. Rt2.47min 

. «)■ 7.37 (,h. s, rM (1H, a,, r. 57 (1H . d) , 7 .L ^ J * Z ^ * W 

10 Example 9 




Mass spectrum: Found: MH* 538 
H.p.l.c. Rt2.43min 



» , 41 W*« wi'5,^^r <2H ' S '' <1H ^ 739 <1H - * 



Example 3 




// 



Mass spectrum: Found- mh* « n ror fcxam P'e 1 • 



Mass spectrum: Found: MH* 560 
H.p.l.c. Rt2.53min 
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Example^ 





CI 



-IH-imidaznU 



-2-f5-Chtoro-2-thienvl)-A/-ri-f2-flu Qro-4-l2-rf3-fli l oro-l-Dvrrolid irn 
1 -Vl)phenvn-2-oxo-3-Dvrrn |idinvnethRnfi S ulfonamidR formate 
5 The title compound was prepared from . Intermediate 12 and (E>2-(5-chloro-2- 
th.enyl)ethenesulfonyl chloride using the synthetic procedure described for Example 1 
Mass spectrum: Found: MH + 568 
H.p.l.c. Rt2.57min 

10 Example 5 





HO 

Cl£)^5£hjoro^^^ 

im.dazol-^vDphenYD^-oxo-S-pvrrolidinvn-l-nrnp ene-l-sulfon^miH^^n-note . 
The title compound was prepared from Intermediate 12 and Intermediate 10 using the 
15 synthetic procedure described for Example 1. 
Mass spectrum: Found: MH + 582 
H.p.l.c. Rt2.56min 



Example 6 

6-Chloro-/V-ri-(2-fluoro^(2-r^-fluorcv1-nvrrnlM invnmethvn-lH-irr,iH a ^i-i-, 




20 



vltohenvh-2- 



oxo-3-pY rrolidinvn-1 -henzothiophenft-? .sulfonamirte fr>rm a fa 
The title compound was prepared from Intermediate 12 and 6-chloro-1-benzothiophene-2- 
sulfonyl chloride using the synthetic procedure described for Example 1 
25 Mass spectrum: Found: MH + 592 
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H.p.l.c. Rt2.64min 



Example 7 




-1A/-imida?nl-l. 



2-o X o-3-pyrrolidin Y l}-1-ben7ofh i on hen e -?- < ;„ifnn Q », i ^^ rrnntr 

l^^TTT^ PrePared fr ° m ,ntermediate 16 and 6-chloro-1-ben 2 othiophene.2- 
sulfonyl chlonde using the synthetic procedure described for Example 1 
Mass spectrum: Found: MH + 590 



10 H.p.l.c. Rt 2.58min 

In vitro ass ay for inhibition of Fartnr y« 

Compounds of the present invention were tested for their Factor Xa inhibitory activity as 
defended ,n vitro by their ability to inhibit human Factor Xa in a fluorogenic assay usino 
15 Rhodamme 110, bis-CBZ^,ycy,g,ycy.-L-arginine amide as the fluoSSTSS 

coZTT dHUted fFdm 9 1 ° mM St ° Ck Sd,Uti0 " ln d'-thy.sulfoxide 
concentrafons, Assay was performed at room temperature using buffer c^nsteZ of 
50mM Tns-HCI, 150mM NaCI, 5mM CaC« 2 , p H 7.4. containing human FacTS Tfinai 

20 f T° 3 K mM) - ^ 6n2yme Were P-ncubated for ™ 

20 add.t.on of the substrate (final cone, of 10 pM). The reaction was stopped afteTa hTwith 

sedTln^^ A " LJL « ~er « 

used to momtor fluorescence with 485 nm excitation/535 nm emission To obtain IC 
values the data were analysed using ActivityBase® and XLfit®. 50 

25 Calculation of Ki values: 
Ki = ICso/(1 + [Substrate]/Km) 

The Ki value for the above assay can be obtained by dividing the IC*. value by 1 .6. 

30 an'd 0 ^ 7*?? oon ^ omxbt were tes «* by the above described in vitro assay 

30 and were found to exhibit Factor Xa inhibitory activity. Preferably compounds te^ a Ki 
value of less than 1uM (Examdes 1 2 i a * r -j\ ». * F 05 nave a Kl 

^ ^ txam P ,es '» 2, 3,4. 5, 6, 7). More preferably, compounds have a 
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Ki value of less than 100nM (Examples 1, 2. 3, 4, 5, 6, 7). Most preferably, compounds 
have a Ki value of less than 1 0nM (Examples 1 , 2, 5, 6, 7). 

Method for measur ement of Prothrombin Timg (pf) 

Prothrombin time of compounds according to the invention may be determined usinq the 
following assay. s 

,n noo?, iS C0llected into a sodium c!trate so,u ti°n (ratio 9:1) to give a final concentration of 
10 0.38/o citrate. Plasma is generated by centrifugation of citrated blood samples at 1200 x 

g for 20 min at 4'C and stored at -20°C until use. PT analysis is conducted using plasma 

pooled from 4 separate donors (2 male and 2 female). 

The PT test is performed using the BCS Coagulation Analyzer (Dade Behring) For 
15- assay, 50 ul of plasma containing test compound at concentrations ranging from 0 03 to 
100 uM (made from a 100 uM stock containing 1% DMSO in plasma) is combined with 
100 ul of Thromboplastin C Plus (Dade Behring). Upon addition* of the reagents 
absorbance at 405 nm is monitored and time to clot formation is determined (normal 
range for human plasma is 1 0.6-1 2.4 seconds). 

General pu rification and analytical methods 



20 



LC/MS Method 

Analytical HPLC was conducted on a Supelcosil LCABZ+PLUS column (3pm 3 3cm x 
25 4.6mm ID) eluting with 0.1% HCO a H and 0.01 M ammonium acetate in water (solvent A) 
and 95% acetonitrile and 0.05% HC0 2 H in water (solvent B), using the following elution 
grad.ent 0-0.7 minutes 0%B, 0.7-4.2 minutes 0-v| 00%B, 4.2-5.3 minutes 100%B 5 3-5 5 
m.nutes 100^0%B at a flow rate of 3 ml/minutes (System 1). The mass spectra (MS) 
were recorded on a Fisons VG Platform mass spectrometer using electrospray positive 
30 <on.sation [(ES + ve to give MH* and M(NH 4 ) + molecular ions] or electrospray negative 
lonisation [(ES-ve to give (M-H)' molecular ion] modes. 

) 

1 H nmr spectra were recorded using a Bruker DPX 400MHz spectrometer usinq 
tetramethylsilane as the external standard. 

35 

Biotage™ chromatography refers to purification carried out using equipment sold by Dyax 
Corporation (either the Flash 40I or Flash 1501) and cartridges pre-packed with KPSil. 



WO 2004/111045 



PCT/EP2004/006603 



33 



Mass directed autoprep refers to methods where the material was purified bv hinh 

t ' ^ ° n 3 HPLCAB2+ 5 ^ C0 ' U ™ *™ x'lotm i.dO w 

0.1 / 0 HC0 2 H in water and 95% MeCN 5% water m w un • ^ , 

gradten, e,u„on colons: 0-1.0 minis ^^TSSlES 
triggered by a VG Platform Mass Spectrometer on detecting the mass of Interest. 

to tZSZ y T re,6re 10 *• USS sold * Somen, 

GC/MS Method 

Analytical GCMS was conducted on a Micromass GCT with rrr r^K- , • . 
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